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� Abstract

Background: Failed back surgery syndrome (FBSS) has been
reported to account for up to 40% of patients with chronic
low back pain. Epidural fibrosis may be responsible for up to
30% of all cases of FBSS. Perineural fibrosis can interfere with
cerebrospinal fluid-mediated nutrition, rendering the nerve
root hyperesthetic and hypersensitive to compression. Tradi-
tionally, steroid injection has been used to treat low back

pain and radiculopathy. The addition of hyaluronidase to the
injectate has been reported to reduce the degree of fibrosis.
Aim: To evaluate the role of hyaluronidase when added to
fluoroscopically guided caudal steroid and hypertonic saline
in patients with FBSS.
Methods: Thirty-eight patients with back pain because of
FBSS were studied. Twenty patients received fluoroscopically
guided caudal epidural steroid, local anesthetic, and hyper-
tonic saline in combination (group 1), and 18 patients
received fluoroscopically guided caudal epidural steroid,
hypertonic saline, local anesthetic, and hyaluronidase (group
2). Patients were asked to rate their pain using a verbal scale
of 0 to 4 (0 = none, 1 = mild, 2 = moderate, 3 = severe, and
4 = extremely severe). Lumbar spine range of motion and
opioid intake were measured.
Result: Significant improvement in short-term pain relief
was noted in both groups, while significant long-term pain
relief was only achieved in group 2 patients.
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Conclusion: The addition of hyaluronidase to fluoroscopi-
cally guided caudal epidural steroid and hypertonic saline
combination improved long-term pain relief in patients with
FBSS. �
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injection

INTRODUCTION

Failed back surgery syndrome (FBSS; also known as
postlumbar laminectomy syndrome) actually represents
a cluster of syndromes following spine surgery wherein
the expectations of the patient and spine surgeon are not
met. Speculated causes of FBSS include acquired steno-
sis, adjacent segment degeneration, internal disk disrup-
tion, recurrent disk hernition, retained disk fragment,
spondylolisthesis, epidural or intranural fibrosis, degen-
erative disk diseases, radiculopathy, diskitis, arachnodi-
tis, segmental instability, and others.1 An estimated 20%
to 50% of lumbar surgeries result in FBSS, either from
surgery that was inadequate, incorrect, or unnecessary,
or following properly indicated and well-performed sur-
gical intervention.2 Epidural fibrosis may account for as
much as 20% to 36% of cases of FBSS.3 In patients who
have undergone prior laminectomy, some degree of
perineural fibrosis can be expected. Although scar tissue
itself is never tender, the affected nerve root is frequently
very tender.4 Fibrous tissue in the epidural space may
adhere to the dura mater and nerve roots. This causes a
mechanical tethering of the nerve roots or the dura,
which may contribute to chronic low back and lower
extremity pain in a significant subset of patients.5 Scar
formation can physically prevent direct application of
medication to nerves or affected areas.6 We hypothesize
that hyaluronidase may be useful in patients with epi-
dural fibrosis through its purported ability to disrupt
epidural adhesions.7 Previous studies have used percu-
taneous epidural neuroplasty to break down fibrous
adhesions, injecting hyaluronidase after mechanical dis-
ruption of the scar tissue.8 The aim of this study is to
evaluate the role of hyaluronidase when added to fluo-
roscopically guided steroid and hypertonic saline as
caudal injectate in patients with FBSS.

METHODS

After Investigational Review Board approval, informed
consent was obtained from patients participating in the
study. Randomization was performed by computer-
generated random allocations sequence. Thirty-eight

patients with FBSS were allocated randomly into 2
groups (Figure 1); 20 patients received fluoroscopically
guided caudal injections of 10 mL of 0.25% bupivacaine
solution containing 80 mg of methylprednisolone and
30 mL of 3% hypertonic saline (group 1), and 18 patients
received fluoroscopically guided caudal injections of
10 mL of 0.25% bupivacaine solution containing 80 mg
of methylprednisolone, followed by 1,500 IU hyalu-
ronidase (which is replaced by an equivalent volume of
normal saline in group 1 patients) and 30 mL of 3%
hypertonic saline (group 2). The operating room nurse
assisting with the procedure randomized the patients and
prepared the syringes. Participants and those adminis-
trating the interventions were blinded to group assign-
ment. All participants were at least 18 years of age, have
American Society of Anesthesiologists physical status I,
II, and III, had undergone pervious spine surgery with a
history of chronic low back pain and/or lower extremity
of at least 6 months duration, and had a minimum visual
analog pain score of 6/10. Patients with history of bleed-
ing disorders and those receiving anticoagulant therapy,
patients with postoperative computerized tomography
or magnetic resonance imaging study demonstrating
nerve root compression by residual disk tissue or lumbar
spinal canal stenosis or nondegenerative disease, patients
with skin lesions at the potential injection site, and
patients with severe hypersensitivity to iodine were
excluded.

EVALUATION

All patients were evaluated for demographic data (age,
gender, height, weight, body mass index), duration of
pain in months, segmental level of surgery, medical and
surgical history, physical examination, and radiographic
investigations.

OUTCOME

Patients were asked to rate their pain intensity using a
verbal scale (VS) of 0 to 4 (0 = none, 1 = mild, 2 = mod-
erate, 3 = severe, and 4 = extremely severe). Lumbar
spine range of motion was determined using a long-arm
goniometer as a secondary outcome measure. The degree
of flexion (normal flexion = 50°), extension (normal
extension = 25°), and lateral flexion, (normal lateral flex-
ion = 25°) as well as opioid intake were determined.
Opioid intake was assessed as none, mild, moderate, or
heavy based upon dosage, frequency, and schedule.
Intake of tramadol hydrochloride up to a maximum of 4
times per day or intake of hydrocodone twice or less per
day was considered mild, intake of hydrocodone up to 4
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times per day was considered moderate, and intake of
morphine, meperidine, and transdermal fentanyl in any
dosage was considered to be heavy.

Procedure

All procedures were performed in the operating room
under appropriate sterile conditions utilizing fluoros-
copy. The procedure included appropriate preparation
with intravenous access, antibiotic administration, and
appropriate sedation using midazolam (1 to 2 mg);
patients were sedated but conscious.

Patients were placed prone on a horizontal operat-
ing table. Pillows were placed under the abdomen to
facilitate the entry at the sacral hiatus. After sterile
preparation of the surgical field, the sacral cornua
were palpated and confirmed under fluoroscopy. The
cutaneous entry site was infiltrated with lidocaine 2%;
an 18-gauge Tuohy needle was introduced into the
sacral hiatus (B BRAUN, Meisungen AG, Düsseldorf,
Germany). Needle position was confirmed in the
lateral and antero-posterior views under fluoroscopy.
After negative aspiration of blood or cerebrospinal
fluid (CSF), 10 mL of water-soluble contrast medium
iopromide (Ultravist 300, Schering AG, Berlin,
Germany) was injected to verify the needle position in
the caudal epidural space. Caudal injection into the
epidural space was performed according to the patient
study group as described above.

Follow-Up

Assessments were undertaken before treatment and at 6
weeks, 3 months, 6 months, and 1 year following the
treatment. Complications and adverse effects were
documented during clinical follow-up.

Statistical Methods

Chi-squared statistic was used to test the differences in
proportions. Fisher’s exact test was used wherever the
expected value is less than 5; a paired t-test was used to
compare the pretreatment and posttreatment results for
parametric measures. Nonparametric methods were used
for categorical measures. Based on a previous study of
postlumbar laminectomy syndrome, considering a 0.05
2-sided significance level, a power of 80%, and an allo-
cation ratio of 1:1, 18 patients in each group were
estimated,9 allowing for 10% attrition/noncompliance
rate.

RESULTS

The study population consisted of 38 patients. Patients’
characteristics were similar in the 2 groups regarding the
demographic data (age, sex, weight, height, and body
mass index), time since surgery, duration of pain, and
segmental level of surgery (Table 1).

No significant difference was found between groups
during the pretreatment period regarding the VS, range
of motion of lumbar spine, and opioid intake. A signifi-

Figure 1. Schematic presentation of
patient flow.

Eligible patients assessed 
82

Patients randomized = 40 

Patients excluded (N = 42) 
  Patients not meeting inclusion criteria = 24
  Patients refusing to participate = 18 

Group 1
Patients received fluoroscopically guided caudal 

epidural steroid, local anesthetic and hypertonic 
saline combination. 
  Patients discontinuing medication = 0  
Patients lost to follow up = 0 
 Patients excluded from analysis = 0 
 Patients included in the analysis = 20 

Group 2 
Patients received fluoroscopically guided caudal 

epidural steroid, local anesthetic , hypertonic saline
and hyaluronidase combination. 
  Patients discontinuing medication = 0 
  Patients lost to follow up due to change of 
residence = 2 
  Patients excluded from analysis = 2 
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cant reduction of pain intensity was observed in both
groups after 6 weeks and 3 months of treatment. At 6
months and 12 months following treatment, significant
reduction in pain intensity was observed only in group 2
patients (Table 2).

Significant improvement in the range of motion of the
lumbar spine flexion, extension, and lateral flexion
occurred in group 2 patients during the follow-up
period 1 year after treatment, while significant improve-
ment in group 1 patients occurred only up to 3 months
after treatment (Table 3).

Opioid intake was significantly reduced in group 2
patients during the 1-year follow-up period after treat-
ment, but significant reduction in opioid intake in group

Table 1. Patients’ Characteristics

Group 1
(n = 20)

Group 2
(n = 18)

Age (years) mean 1 SD 48.8 1 3.63 49.1 1 3.88
Gender

Male 14 (70%) 12 (66%)
Female 6 (30%) 6 (33%)

Weight (kg) mean 1 SD 80.7 1 9.2 81.3 1 10.4
Height (cm) mean 1 SD 172 1 22 174 1 19.8
BMI mean 1 SD 27.1 1 1.44 27.7 1 1.3
Time since surgery (months) mean 1 SD 22.6 1 4.2 20.9 1 5.2
Duration of pain (months) 9.4 1 1.9 10.1 1 2.1
Involved level

L3-4 6 (30%) 6 (33%)
L4-5 10 (50%) 9 (50%)
L5-S1 4 (20%) 3 (17%)

BMI, body mass index; SD, standard deviation.

Table 2. Comparison of Clinical Data (Mean 1 Standard Deviation)

Verbal scale

Number of patients

Pretreatment 6 Weeks 3 Months 6 Months 1 Year

G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
n = 20 n = 18 n = 20 n = 18 n = 20 n = 18 n = 20 n = 18 n = 20 n = 18

Extremely severe 5 4 0 0 0 0 1 0 2 0
Severe 4 4 0 0 0 0 2 0 3 0
Moderate 11 10 2* 1* 3* 2* 12 3* 14 3*
Mild 0 0 6* 4* 5* 5* 5* 14* 1 6*
No pain 0 0 12* 13* 12* 11* 0 1 0 9*

*Significant change (P < 0.05).

Table 3. Comparison of Range of Motion in Lumbar Spine (Mean 1 Standard Deviation)

Pre-treatment 6 Weeks 3 Months 6 Months 1 Year

G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
N = 20 n = 18 n = 20 n = 18 n = 20 n = 18 n = 20 n = 18 n = 20 n = 18

Flexion
(normal = 60)

24.5 1 10.3 25.6 1 8.8 30.6* 1 11.3 34.1* 1 12.9 32.9* 1 11.4 34.9*
13.6

24.8 1 10 33.8* 1 11.7 24.8 1 10.7 37.3* 1 13.5

Extension
(normal = 25)

9.4 1 1.2 8.9 1 3.4 11.4* 1 4.8 13.8* 1 5.2 13.6 1 6 15.6* 1 5.7 10.8 1 5.8 15.4* 1 5 9.7 1 1.6 15.8* 1 5.7

Lateral flexion
(normal = 25)

8.2 1 3.2 7.8 1 2.9 10.3* 1 4.6 12.5* 1 5.1 12.6* 1 5.7 12.8* 1 5.4 7.3 1 2.9 13.6*
5.8

7.5 1 3.2 14.2
5.4*

*Significant change (P < 0.05).

Table 4. Comparison of Opioid Intake During Follow-Up Period

Pre-treatment 6 Weeks 3 Months 6 Months 1 Year

G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
n = 20 n = 18 n = 20 n = 18 n = 20 n = 18 n = 20 n = 18 n = 20 n = 18

None 2 1 13* 11* 14* 12* 3 11* 3 10*
Mild 8 7 4* 3* 4* 3* 9 4* 7 4*
Moderate 6 7 3* 4* 2* 3* 5 2* 6 3*
Heavy 4 3 None None None None 3 1 4 1

*Significant change (P < 0.05).
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1 patients occurred for only 3 months after treatment
(Table 4).

Minor complications, such as rash and itching,
occurred in 4 patients. Three cases occurred in patients
who received hyaluronidase, although not statistically
significant, and this could be explained by its potential
for allergic reaction. There were no instances of sub-
arachnoid blockade or infection. None of the patients
suffered from paralysis, weakness, bladder disturbances,
or other serious complications.

DISCUSSION

FBSS is a growing entity in modern medicine.
Although the exact incidence is not known, it is esti-
mated to be as high as 68% of patients with prior
lumber surgeries.3 Epidural fibrosis is a major cause of
continued pain following surgical intervention.3 While
epidural scarring itself is not painful, it can produce
pain by trapping spinal nerves such that movement
places tension on the inflamed nerves, thus eliciting
pain.10

Scar tissue is generally found in the 3 compartments
of the epidural space. Dorsal epidural scar tissue is
formed by resorption of surgical hematoma and may be
involved in pain generation. In the ventral epidural
space, dense scar tissue is formed by ventral defects in
the disks, which may persist despite surgical treatment
and continue to produce either chronic low back or
lower extremity pain after the surgical healing phase.
Finally, the lateral epidural space includes epiradicular
structures outside the root canals, termed sleeves, con-
taining the existing nerve root and dorsal root ganglia.11

The rationale for use of hyaluronidase in patients with
FBSS relies upon its purported ability to disrupt epidural
adhesions. Its primary action is to depolymerize hyalu-
ronic acid and, to some extent, chondrotin-4 and
chondrotin-6 sulfate. Hyaluronidase disrupts the pro-
teoglycan ground substance, thus accelerating the diffu-
sion of injected substances. Epidurally administered
hyaluronidase presumably disrupts the ground sub-
stance found in the epidural adhesions. The dura, which
is composed of collagen, elastin, and surface fibroblast,
is preserved.8

When injected epidurally for pain control, hypertonic
saline may have 2 beneficial actions. First, it is the
reduction of cell swelling. The reduced swelling will
reduce pressure on the nerves.12 Second, it has a local
anesthetic-like effect on the intact dorsal rootlets.6 Cor-
ticosteroids injected epidurally are effective for chronic
back pain because of their anti-inflammatory effect.

They also inhibit ectopic discharge; this membrane-
stabilizing effect may be responsible for symptomatic
improvement in patients with severe nerve root pathol-
ogy. In addition, neuraxially administered steroids
might have an antihyperalgesic effect in patients with
central sensitization.13 Neural blockade achieved with
epidural local anesthetic injection alters or interrupts
nociceptive input, reflex mechanism of the afferent
fibers, self-sustaining activity of the neurons, and the
pattern of neuronal activities. Further, it is believed that
local anesthetic interrupts the pain–spasm cycle and
reverberating nociceptor transmission.14

Heavner et al.8 concluded that patients with low back
pain and radiculopathy treated with hypertonic saline
and hyaluronidase obtained a higher percentage of pain
relief and were less likely to require other types of treat-
ments in comparison to patients that received isotonic
or hypertonic saline alone. Manchikanti et al.2 reported
that nonendoscopic epidural administration of corticos-
teroids and hypertonic saline is a safe and cost-effective
procedure for relieving chronic intractable pain in post-
laminectomy patients who fail to respond to other
modalities of treatment. That group also reported sig-
nificant improvement in patients suffering from chronic
low back pain after receiving local anesthetic, hyper-
tonic saline, and steroids, claiming that they were less
likely to require repeat treatments for the 1-year
follow-up period.15 The use of a large volume of 30 mL
of 3% hypertonic saline in this study was an attempt to
mechanically disrupt the fibrotic scar and to get the
benefit of its anesthetic effect. In addition, the osmotic
effects of 10% hypertonic saline, which include elevated
CSF pressure, tachycardia, hypertension, and pulmo-
nary edema, were avoided.8

Other notable differences between the current study
and previous reports include a single injection technique
instead of 3 separate injections, possibly making it less
cumbersome, the injection of long-acting local anes-
thetic with its potential for prolonged subarachnoid
blockade in case of a misadventure, and the administra-
tion of decreased total amount of hyaluronidase, with
an associated decrease in cost. It also avoids the diffi-
culty in consecutive scheduling for 3 days in an outpa-
tient setting and the often prohibitive cost of the
procedure in an inpatient setting.9 In addition, the use of
a 1-day protocol may be as effective as a 3-day protocol,
with the additional advantage of increased safety.16 The
addition of hyaluronidase to fluoroscopically guided
caudal steroid and hypertonic saline injection in patients
with FBSS increases the efficacy as assessed by long-term
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pain relief and improved range of motion of the lumbar
spine.

REFERENCES

1. Boswell MV, Trescot AM, Datta S, et al. Interven-
tional techniques: evidence-based practice guidelines in the
management of chronic spinal pain. Pain Physician.
2007;10:7–111.

2. Manchikanti L, Pampati V, Bakhit CE, Pakanati RR.
Non endoscopic and endoscopic adhesiolysis in post laminec-
tomy syndrome: a one-year outcome study and cost effective-
ness analysis. Pain Physician. 1999;2:52–58.

3. Manchikanti L, Saini B, Singh V. Spinal endoscopy
and lysis of epidural adhesion in the management of chronic
low back pain. Pain Physician. 2001;4:240–265.

4. Anderson SR, Racz GB, Heavner J. Evolution of
epidural lysis of adhesion. Pain Physician. 2000;4:262–270.

5. Trescot AM, Chopra P, Abdi S, Datta S, Schultz DM.
Systemic review of effectiveness and complications of adhesi-
olysis in the management of chronic spinal pain: an update.
Pain Physician. 2007;10:129–146.

6. Sahinler BE, Kaye AD, Rozen D, Racz GB. Caudal
decompressive neuroplasty (the Racz procedure). Curr Opin
Clin Res. 2002;4:4–11.

7. Lewandowiski EM. The efficacy of solutions used in
caudal neuroplasty. Pain Digest. 1997;7:323–330.

8. Heavner JE, Racz GB, Raj P. Percutaneous epidural
neuroplasty: prospective evaluation of 0.9%NaCl versus 10%

NaCl with or without hyaluronidase. Reg Anesth Pain Med.
1999;24:202–207.

9. Manchikanti L, Pampati V, Rivera J, Beyer CD,
Damron KS. Role of one day epidural adhesiolysis in manage-
ment of chronic low back pain: a randomized clinical trail.
Pain Physician. 2001;4:153–166.

10. Manchikanti L, Singh V, Cash KA, Pampati V, Datta
S. Preliminary results of a randomized, equivalence trial of
fluoroscopic caudal epidural injections in managing chronic
low back pain: part 3—post surgery syndrome. Pain Physi-
cian. 2008;11:817–831.

11. Racz GB, Noe C, Heavner JE. Selective spinal injec-
tions for lower back pain. Curr Rev Pain. 1999;3:333–341.

12. Racz GB, Heavner JE, Singleton W, Carline M.
Hypertonic saline and corticosteroid injected epidurally for
pain control. In: Racz GB, ed. Techniques for Neurolysis.
Boston: Kluwer Academic Publishers; 1989:73–86.

13. Abram SE. Treatment of lumboscral radiculopathy
with epidural steroids. Anesthesiology. 1999;91:1937–1941.

14. Abdi S, Datta S, Trescort AM, et al. Epidural steroids
in the management of chronic spinal pain: a systematic review.
Pain Physician. 2007;10:185–212.

15. Manchikanti L, Rivera JJ, Pampati V, et al. One day
lumber epidural adhesiolysis and hypertonic saline neurolysis
in treatment of chronic low back pain: a randomized double-
blinded trial. Pain Physician. 2004;7:177–186.

16. Manchikanti L, Pakanati RP, Bakhit CE, Pampati V.
Role of adhesiolysis and hypertonic saline neurolysis in man-
agement of low back pain: evaluation of modification of the
Racz protocol. Pain Digest. 1999;9:91–96.

Role of Hyaluronidase in FBSS • 553



Copyright of Pain Practice is the property of Wiley-Blackwell and its content may not be copied or emailed to

multiple sites or posted to a listserv without the copyright holder's express written permission. However, users

may print, download, or email articles for individual use.




